Introduction: End-of-life-decisions (EOLD) have become an important part of modern intensive care medicine. With increasing therapeutic possibilities on the one hand and many ICU-patients lacking decision making capacity or an advance directive on the other the decision making process is a major challenge on the intensive care unit (ICU). Currently, data are poor on factors associated with EOLD in Germany. In 2009, a new law on advance directives binding physicians and the patients surrogate decision makers was enacted in Germany. So far it is unknown if this law influenced proceedings of EOLD making on the ICU.
Introduction
Mortality on intensive care units ranges from 6-18% in Europe [1] [2] [3] [4] [5] . The subsequent introduction of multiple artificial organ support and replacement technology has caused a redefinition of death -shifting it from a sudden and unexpected event to a process [6] . The boundaries between medical therapy prolonging life to this therapy prolonging dying became fluid. Consequently most patients in the intensive care unit (ICU) (60%-80%) die after an end-of-life-decision (EOLD) has been made, a decision to limit full life support [1] [2] [3] [4] 7, 8] .
During the last century medical decision making in Europe has shifted from a paternalistic, physician centered approach towards a more patient centered model of shared decision making [9, 10] . In Europe and the US the majority of people favours this concept [9] [10] [11] [12] [13] . However, this model becomes complicated when a patient loses decision making capacity. Rates of advance directives are generally low in Germany as well as in other countries [1, 4, 5, [14] [15] [16] . In September 2009 the ''advance-directives-law'' was enacted in Germany. For the first time a statutory law regulates advance directives. Physicians have to respect a written advance directive of an adult patient in any decision concerning medical treatment. A patientss attorney or surrogate decision maker is not allowed to overrule a patients advance directive as it was possible priorly [17] .
However, there is a lack of data describing the daily proceedings and the factors associated with EOLDs in German ICUs [4, 18, 19] . Therefore at first we compared characteristics of patients who received an EOLD with those who received no EOLD. Secondly we studied the incidences of different intensive care therapeutic strategies that were limited.
Finally, as the law for advance directives was established during our observation period, we were able to analyze how those changes of legislation influenced EOLDs on our ICU. We studied this with a special regard to the recommendations for the participation of different decision-makers according to the 5 th International Consensus Conference in Critical Care [9] .
Methods
The Medical Ethics Committee of Charité University Hospital approved this study (number of ethical approval EA1/292/10). The study was registered as a clinical trial (ClinicalTrials.gov Identifier: NCT01294189). Informed consent was waived due to the retrospective and observational nature of the study.
Setting
This retrospective study was performed in a 22-bed surgical Intensive Care Unit led by the Department of Anesthesiology and Intensive Care Medicine at Charité University Medicine. The ICU is covered by in-house consultants with an ICU board certification 24 hours per day, seven days a week. Furthermore, Fellows board certified in anesthesiology and intensive care medicine are available 24 hours a day, seven days a week on the ICU. Additionally, two residents are present on the ICU continuously. Daily rounds involve at least one consultant with board certification in intensive care medicine.
Patients
The study includes all consecutively admitted ICU patients who died between August 1 st 2008 and September 31 st 2010. Precisely in the median period of this study the ''advance-directives-law'' was enacted on September 1 st 2009. During the observation period 3422 patients were admitted to the ICU of whom 224 died (6.5%) before of discharge. One hundred sixty-six those patients (74.1%) had an EOLD (Fig. 1) .
Groups
An EOLD was defined as a Do-not-resuscitate (DNR) order, meaning not to initiate cardiopulmonary resuscitation (CPR) in patients who had a cardiac or respiratory arrest. Also any order to withhold and/or withdraw life support (WH/WDLS), meaning intensive care therapeutic approaches that were otherwise warranted, was considered an EOLD. Limitations differentially included withholding or withdrawing therapies like endotracheal intubation, mechanical ventilation, renal replacement therapy, catecholamine infusions, surgery, antimicrobial therapy, blood product transfusions, nutrition and hydration.
We compared all patients with a DNR order to patients without an EOLD with respect to comorbidities, ICU severity scores, organ replacement technology, advance directive rates, and timing of EOLDs or death. We also compared all patients with a WH/ WDLS order to patients without an EOLD, respectively.
The day of the EOLD was defined as the calendar day in the ICU on which the decision was made. Comparing time dependent variables between patients who received an EOLD and those who did not receive an EOLD, we set the day of no EOLD as the calendar day in the ICU on which the patient died.
For patients with a WH/WDLS order we analyzed how the differential limitation of therapeutic approaches was performed in detail. Data collected for WH/WDLS orders refers to variables for a patients first WH/WDLS order.
Furthermore, we compared patients with an EOLD who were admitted before September 1 st 2009 to patients who were admitted thereafter with regard to participation frequencies of members of the caregiver team and the patients family in EOLDs, patient and family information and involvement rates, advance directive rates, and frequencies of documentation in an additional, specifically reserved ''EOLD-section'' of the patients records.
As a law needs a time period to be implemented in a second analysis we allowed for a so called ''wash-out'' period of six months after September 1 st 2009.
Data Collection
Since 2004 the patient records on our ICUs are kept electronically with a Patient data management system (PDMS) (Copra System, Sabachswalden, Germany). The PDMS automatically records data from vital signs monitors, ventilators, organ replacement systems, medication, daily ICU scores like the simplified acute physiology score II (SAPS II) and the sequential organ failure assessment (SOFA), and all medical or nursing events to the patient. Documentation of medical staff, progress notes and orders as well as laboratory results are done complete electronically. The presented data were obtained retrospectively from the daily progress notes, daily vitals signs and medication charts as well as the daily organ replacement and ventilation charts of the PDMS.
Limitations of therapy were documented in the daily progress notes with time and participants of EOLD-conferences by the physician in charge of the patient. Besides the daily progress notes there is a section in the patient records that is specifically reserved for all EOLD-associated documentation. Patients received an EOLD only when every participant of the EOLD-conference consented to the decision and its several regulations.
Statistical Analysis
Results are expressed as arithmetic mean 6 standard deviation (SD) or median with 25%-75% quartiles for continuous variables, and frequencies (%) with 95% confidence intervals (CI) for categorical variables, respectively. Due to the different sample sizes and the skewness of distributions only nonparametric exact tests were applied.
Differences between the regarded groups were tested by the non-parametric (exact) Wilcoxon-Mann-Whitney test for independent groups. Frequencies were tested by the (exact) Chi-square-test in contingency tables. A two-tailed p-value ,0.05 was considered statistically significant. All tests were conducted in the area of exploratory data analysis. Therefore, no adjustments for multiple testing have been made. All numerical calculations were performed with Predictive Analytics SoftWare (PASW), Version 18.
Results
EOLDs were taken within a median ICU length of stay (LOS) of five days for DNRs (interquartile range (IQR): 2-15) as well as for WH/WDLS decisions (IQR: 2-19). After any EOLD patients died within a median of one day (IQR: 0-3). The characteristics of the decedents are presented in Table 1 . Furthermore differences in baseline comorbidities, ICU severity scores, ICU-LOS, organ replacement technology and advanced care planning for the different groups are shown in Table 1 .
Fifty-one (22.8%) of all admissions to the ICU were planned admissions, 126 (56.3%) were emergency admissions. Every patient with an EOLD had a DNR order. One hundred fiftythree (92.2%) of EOLD-patients also had a WH/WDLS order. For patients with a WH/WDLS order details of limiting life support are shown in Figure 2 . Eight of 153 patients (5.2%) received an order to withdraw respiratory support mostly by decreasing the fraction of inspired oxygen to 21%. Just two patients (1.3%) were weaned to extubation. A maximum dosage for hemodynamic support with vasoactive drugs was defined in 75.2% of the cases.
One hundred thirty-one patients (91.2%) received the first WH/ WDLS order the same time receiving the DNR order. In 22 patients (9.8%) there was a step by step approach from a DNR order to a WH/WDLS order. Frequencies for this approach did not change significantly from 13.8% (n = 87) to 12 Figure 3 . About ten percent of ICU patients during the study period (10.3%) had some form of advance directive. 
Discussion
Approximately three quarters of deaths on the ICU (74.1%) were preceded by an EOLD indicating that the process of dying was conscientiously taken into consideration and orchestrated by medical and nursing staff. Decisions on withholding or withdrawing therapeutic approaches were done patient-individually and irrespective of formal criterias.
EOLDs in the ICU follow a process of shared-decision making with participation of the different members of the medical team and the patients or their substitutes. This approach can be demonstrated for 24 hours every day of the week. An experienced ICU physician is involved in almost every EOLD and information and participation of the patients family occurs highfrequently.
During the observation period a law of advance directives was legislated in Germany for the first time considering a patients will that was written down in an advance directive as binding for physicians and the patients surrogates. The process of differential decision making for DNRs and WH/WDLS orders was not affected by the new law. Also unaffected by the new legislation the prevalence of advance directives still resides around 10%. But the ''advance-directives-law'' has led to a significant improvement of documentation efforts of EOLDs on the ICU.
Once intubated we generally continue with ventilation and also with nutrition and fluid replacement. Entities that are deliberately withheld are those who cause additional harm to the organism like surgery. Although family members believe their relative is dying more comfortably while extubated it is known that there is an increased risk of patients distress during and after the process of discontinuing mechanical ventilation [20, 21] . As we and others found that death usually comes quickly after an EOLD we are obviously reluctant to wean patients from the ventilator most likely to reduce the risk of the patient experiencing any form of respiratory stress.
According to the international recommendations our end-of-life decision making process is conducted in a ''shared'' approach [9] . The attending as leader of the healthcare team is involved in almost every EOLD. Decisions are shared within the team of caregivers and the patients family participates in a very high proportion of EOLDs [1] [2] [3] [4] . The incidences of decision maker participation in EOLDs look unaffected by the new legislation. Like the law-unaffected process of multistage decision making this indicates that we conduct EOLDs in a standardized process. As in most other studies only a minority of patients could participate when an EOLD was instituted [7, 22] . Therefore the communication between clinicians and family is an integral tool to gain information about the patients most likely will [9, 23] . About 90% of families were informed of the EOLD respecting the fact that there are patients with no families nor anyone available to serve as a surrogate decision maker [24, 25] . But a family involvement is reported less frequently. This is in the range with data that exist for Central Europe [1, 3, 5] . One can question why obviously most families or patients surrogates can be reached to be informed about the EOLD but not all of them are involved in the process of decision making. A possible explanation can be the fact that patients and therefore their surrogate decision makers can only refuse indicated treatment options but not request treatment that is not indicated.
In Germany as well as in other countries completion rates of advance directives are generally low [1, 4, 5, [14] [15] [16] . When German Federal Parliament passed the new law after a long and emotional debate we see no effects on the prevalence of advance directives in our study population. Advance directives have become known in public within recent years but people generally lack courage thinking about their own death [26] . They also might fear that due to rationing of resources in intensive care medicine patients with an advance directive are stigmatized and receive less aggressive care even when it would be appropriate to reverse critical illness. Interestingly the presence of an advance directive itself had no influence on a patient having an EOLD or not. This is conflicting with recently published data showing that people with an advance directive were less likely to receive all possible care [27] . However in that study only 38.9% of the decedents died in hospital, 34.3% of them were nursing home residents and ''most deaths were expected at about time they occurred'' [27] . Obviously this cannot be generalized to ICUpatients with a high proportion of surgical cases like in our study. Moreover the mean age of the patients in our study is about 10 years lower. Focusing on studies that investigated advance care planning in conjunction with ICU-patients, there was no beneficial effect seen on patient care associated with advance directives [25, [28] [29] [30] . In another recently published survey about the role of advance directives in intensive care medicine in Austria Schaden, et al. questioned why ''some colleagues still prefer to decide according to their own ethical concepts instead of honoring their patients wishes'' [31] . But due to the missing difference between the EOLD and the No EOLD group in our study we can also speculate that the value of advance directives for this process is not that high as it is expected in public. In treating critically ill patients we are practicing medicine with a high burden of unpredictability, uncertainty and complex circumstances. Thus there are so many variables in critical care a patient really cannot oversee when he is planning his end-of-lifetime issues [32] . Therefore an EOLD that mostlikely reflects the patients will in those situations requires close communication and adequate documentation within the team of caregivers and the patients surrogate decision makers.
Adequate documentation and communication to family members of EOLDs is known to improve patients and family outcomes, and increases transparency, reflection and teaching of intensive care therapeutic goals [33, 34] . However, it also requires increased time and health-care resources of the caregivers [35] . Our results indicate that documentation efforts and participation of residents in EOLDs have increased with the new law. While primarily aiming to strengthen the value of advance directives the new law has emphasized the importance of documenting discussions with family members to improve patient care. This finally culminated end of 2010 in defining ''documentation of relatives meetings'' as one of ten quality indicators in intensive care medicine in Germany [36] .
Conclusions
EOLD and end-of-life care has become an important part of intensive care medicine because many ICU-patients lack decision making capacity or an advance directive. Decision making regarding limitation of life prolonging therapy by DNR, withholding or withdrawing treatment options is performed by a team of experienced physicians shared in most cases with the patients surrogates and nurses. To avoid uncertainties between ICU staff and patients surrogates with regard to patients supposed intentions close communication and standardized documentation is required to better understand the decision making process. Therefore, EOLD still remains a significant part of ICU profession and requires communicational skills to be trained. It cannot be regulated alone by legal restraints. 
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